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Abstract. One of the most important task in physics today is to merge quantum 
mechanics and general relativity into one framework. And the main barrier in this task 
is that we lack quantum gravitational phenomena in experiments. An important way to 
get quantum gravitational phenomena is to study quantum effects in a macro-scale 
system in which gravity will play a role. In this article, we want to study dynamics of a 
possible macro-scale system: liquid helium droplets with radius of 100nm under low 
temperature and low pressure. Our idea is to observe the interference phenomenon of 
this system and find the similarities and difference between it and quantum system. We 
gave a practical experiment design to observe the interference, including a possible 
method to realize an approximate square barrier. We also gave an illustration on what a 
quantum or a classical interferogram of our system looks like theoretically.  
 
 
1.Introduction 
In the past three decades, we have witnessed big development in quantum mechanics: 
a renaissance of research on the quantum foundations, success of exploiting quantum 
superposition for technological applications, such as information science1-4 and 
precision metrology5. However, we still can’t determine whether quantum mechanics 
breaks down beyond a certain mass or complexity scale6. And it is still an open question 
about how to deal with gravity in quantum mechanics. The major difficulty in deriving 
a quantum theory of gravity is the lack of experimentally accessible phenomena7. Hence, 
to find and study a macro-scale quantum system becomes quite important, because 
bigger particle means larger mass and then stronger gravity field. And gravity will play 
a role in such a macro quantum mechanics. For an example, gravity will cause universal 
decoherence8. 
Lots of work was done about macro-quantum system. Such as the phenomenon of 
superconductivity9, superfluidity10 and Josephson effect11. What's more, entanglement 
in the mechanical motion of macroscopic systems was realized12, quantum 
superposition has been realized at the half-meter scale13. And the technic of atom 
interferometry developed a lot6,14,15. What we want to do is to find a system of particles 
at macro-scale, which its mechanical motion may share some similarities with micro-
quantum system. In this article, we designed an experiment to study a system of liquid 
helium with radius of 100nm. Our thinking is that we can do an experiment which have 
the same concept to the interference of C6016, what is different is that the particle we 
use is larger and we should use a scatter process to get coherent sources instead of 
diffraction grating. 
Figure.1: (a). schematic experiment process; (b). equipment setting: A,B,C,D are corresponding 
to that in (a); (c).the size of parallel-plate capacitors; (d). distribution of electric field intensity 
square along x axes in capacitors and area partition. 
 
2. Design of the experiment 
Our experiment wants to see the interference phenomenon of the system. The basic idea 
is shown schematically in Figure.1(a). Firstly, we want to get two coherent sources 
through a scattering process. The next step is to reunion these two coherent sources and 
modulate the phase difference of these two coherent sources in the reunion process. 
Last, by changing the phase difference we can get interferogram of this system. 
Obviously, the interferogram will show whether the system is more like a quantum 
system or a classical system. 
 
 2.1 Design and simulation of the scattering process 
We should firstly get coherent source by scattering our particle on a potential barrier 
and then reunion them. We use two parallel-plate capacitors to realize the process as 
shown in Figure.1(b). Particle in this system is neutral and we assume it is ball. We 
know that a neutral particle (ball) in an external electric field will have dielectric energy: 
                                    (1) 
We set the left capacitor has a voltage 10mv and the right one -10mv, Figure.1(d), which 
is given by doing field simulation using Comsol, shows  relationship and we 
can see clearly there is a barrier similar to square barrier in the center of two capacitors 
because of the boundary effect. Use equation (1), given that for liquid helium , 
we can calculate from Figure.1(d) that the height of the barrier is J. We can also 
see in Figure.1(d), there are barrier walls at the edge of the capacitors. Hence when the 
wave packet meets it, the wave packet(particle) will be reflected back. That is what we 
based to design the reunion process (we will talk about it later). We have compared 
several possible shapes of capacitors, we choose parallel-plate capacitor because the 
electric field intensity is nearly invariant in the capacitor so that the particle won't suffer 
a force in capacitors. 
We set particles in the system have a radius of 100nm and initial velocity of m/s. 
Hence the particle has mass kg and kinetic energy J. Then the potential 
barrier we referred above is 1/10 of kinetic energy of particles. We approximate the 
barrier as square barrier and solve the Schrodinger equation numerically18 to show that 
we can indeed get coherent sources from this process. 
 Figure.2: We can consider the droplet or particle as a Gaussian wave packet moving toward 
right (Note that the value of y axis is not important. It only has something to do with 
normalization of wave packet) with initial velocity v0 and its initial wave function can be written 
as . The time interval in the simulation is corresponding to 
20ns, the height of barrier is 1/10 of the particle’s energy, the position a = −20 and ∆x = 10(in 
the unit of simulation 10−8m). 
 
 
2.2 Reunion process 
Let us talk about reunion process referred above. We can firstly trap a particle and then 
use light pulse to boost it13. At t=0, there are no voltages on capacitors, we boost the 
trapped particle to velocity  m/s near the edge of the left capacitor. It takes
s for the wave packet to finish the scattering process and go back to the edge 
again (and then be reflected). To avoid the particle scatter on the barrier again, we only 
add voltages pulse which last s on two capacitors at t=0. Then when the two 
coherent wave packets are reflected by the edge, they can meet each other without being 
scattered again at the center of two capacitors. Here we ignore the displacement caused 
by gravity (only 0.1  ). At last, we put a nanomechanical resonator to detect 
particles19 in the interference area.  
 
 
3.Interferogram of this system 
 
3.1 Situation that the system is governed by classical mechanics 
Firstly, let's focus on the situation that the system is governed by classical mechanics. 
We assume that after enough long time, the system will reach equilibrium state. Particle 
number of each area (shown in Figure.1(d)) is proportional to the time for which 
particles can stay in this area.  is the velocity of the particle in three areas 
and . Then we can easily get the possibility for particle to 
be detected in area II (interference area): 
   (2) 
E is the kinetic energy of particles. In our experiments, we always have . 
We can simplify equation (2) as 
 (3) 
a, b are constants which have something to do with  and  are given 
by equation (1). We can calculate easily that . As referred above, we always 
have , then we can get a sense that the interferogram of a classical system 
will simply be a straight line when we change the potentials of area I and area II by 
changing voltages on capacitors. 
 
3.2 Situation that the system is governed by quantum mechanics 
Now, let us assume the motion of particles in this system can be described by quantum 
mechanics. And simply regard interference area as a point, we know that the number of 
particles detected by detectors will vary as  where 
17.  is determined by scattering and reunion process, in our design 
s. When we change the voltages by changing , will then change and 
Figure.3(a) gives the interferogram of quantum case and classical case. The blue line in 
Figure.3(a) shows the high frequency oscillate of a macro quantum system.  
Figure.3: (a). interferogram of quantum case and classical case, at first 
,then we change  with step . The blue line represents the 
high frequency oscillate of a macro quantum system; (b).  is noise of  and they 
will affect the visibility of interferogram. We give how  affect the visibility; (c). 
errors of r and temperature T affect the visibility of interferogram.  
 
3.3 How errors and temperature affect the interferogram 
We know that errors of initial velocity which have something to do with temperature T, 
errors of radius of particles and noise of voltages  will definitely affect the 
visibility of interferogram. We don’t want interferogram vanish because of errors of 
voltages, radius and initial velocity, so we should calculate the limit errors for each 
quantity using criteria .  
  (4) 
 
Then we can get . Because in Figure.3(a), we have 
  
 (5) 
 
 
Figure.3(b), (c) show more details about how the visibility decrease with the noise of 
voltage as well as temperature and errors of radius. 
   
4.Conclusion and perspectives   
In this article, we put forward a possible way to study the motion of particles at scale 
100nm and to compare its behavior with quantum and classical system. We are now 
trying to realize the whole design in our laboratory and focused on how to get 100 nm 
droplets of liquid helium with good quality (good quality means low error of mass and 
size). If we can prove this system have some quantum properties, we can use this system 
to do precision measure of acceleration of gravity, because the gravity will give a phase 
in quantum state. And we can also learn something about the decoherence caused by 
gravity by comparing interference pattern with a quantum and a classical system. 
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